To examine the feasibility and efficacy of a hospital-based, motivational intervention to reduce secondhand smoke exposure (SHSe) with mothers of infants in a neonatal intensive care unit (NICU). STUDY DESIGN: One-hundred and forty-four mothers with infants (p1500 g at birth or X12 h ventilation) in a NICU who reported a smoker in the household were randomized to two sessions of motivational interviewing (MI) conducted in the hospital, usual care (UC) or usual care-reduced measurement (UC-RM); follow-up occurred at 1-and 6-months post discharge. RESULT: For households that did not have a total smoking ban at baseline, 63.6% of those in the MI group instituted a ban by 1-month post discharge compared with 20% of the UC group, Po0.02. Six months post discharge, fewer smoking bans were noted in the UC-RM group relative to MI and UC, Po0.01. CONCLUSION: A need for SHSe interventions among NICU parents exists and initial evidence suggests MI can impact SHSe after discharge.
INTRODUCTION
The burden of disease from secondhand smoke exposure (SHSe) is large, especially for children. Worldwide, 168 840 child deaths each year are attributable to SHSe. 1 Infants discharged from a neonatal intensive care unit (NICU) who were born at very low birth weight (p1500 g; 3 lbs, 5 oz), extremely low birth weight (o1000 g; 2 lbs, 3 oz) or received mechanical ventilation typically have diminished respiratory function, making SHSe an even bigger threat. While the steady, 20-year increase in the US preterm deliveries has reversed in the last few years, many states, particularly the Southern states, are above the national average. 2, 3 A disproportionate number of these preterm infants are born to impoverished and minority families in which smoking is more common. Our own data indicate that the most disadvantaged families are least likely to have SHSe protective practices in place. 4 The effects of SHSe on infants discharged from a NICU is a neglected area of study and not surprisingly, very few programs have been developed to reduce NICU infants' SHSe. We know of no trials to test the effectiveness of SHSe interventions with NICU parents.
The NICU is a novel and potentially ideal setting in which to deliver a SHSe intervention, with a highly favorable cost-benefit ratio associated with success. Young parents of low SES may have limited knowledge on the adverse effects of SHSe (for example Rowland et al. 5 ), and parental motivation may be higher than normal given the fragile condition of their babies and strong desire to prevent rehospitalization. Additionally, direct costs for NICU infants in the first year of life are in excess of $4 billion annually in the US, accounting for 35% of the total health-care costs for the B4.5 million annual births. 6 Costs of readmission to the hospital after NICU discharge are estimated at almost $9000 per child. 7 The most common cause of rehospitalization of low birth weight infants is acute respiratory disease. [7] [8] [9] Preventing SHSe in NICU patients after discharge may decrease the risk of exacerbation of pulmonary and other pathology, leading to fewer rehospitalizations and less cost.
Uniformly effective interventions targeting SHSe have yet to be identified. Most studies have targeted parents of healthy children, with the remaining studies intervening with parents of asthmatic children between the ages of 2 and 12. Interventions have ranged from minimal or brief counseling by a physician or nurse to multiple in-home sessions by trained counselors utilizing cognitive and behavioral strategies. Specifically, motivational interviewing (MI) has been found effective for reducing SHSe in low-income households with young children. 10 A review by Gehrman and Hovell 11 demonstrated that reduction in SHSe was found in the majority of studies (mean Cohen's d ¼ 0.34), indicating that parental smoking habits are amenable to intervention, with intensive, inhome counseling treatments having the most support. 12 Infant hospitalization is potentially an optimal time to consider behavior change. A randomized-controlled pilot study of a brief, motivational, SHSe intervention was conducted with mothers of infants hospitalized in a NICU, with the primary aim of reducing household SHSe via the implementation of home and car smoking bans. As virtually no other SHSe intervention studies with NICU families have been conducted, this report includes feasibility and observational data, as well as outcome data and exploratory analyses to direct future research.
METHODS

Participants and recruitment
Primary caregivers (N ¼ 144) were recruited between August, 2008 and January, 2011 from a large children's hospital in Houston, Texas with a 128-bed NICU and B1100 admissions per year. Research assistants approached mothers of infants in the NICU to screen for eligibility. Eligibility criteria included: (1) having an infant at high respiratory risk in the NICU, with high respiratory risk defined as very low birth weight (p1500 g) or having received mechanical ventilation for 412 h; (2) report of at least one smoker living in the household; and (3) living within a 50-mile radius of the hospital (due to follow-up home assessments). Participants were ineligible for study participation if they exhibited severe cognitive, and/or psychiatric impairment, that precluded cooperation with study protocol, per NICU staff judgment; were unable to read or speak English or Spanish; or unable to provide parental consent if under age 18, unless emancipated. The final sample was 50% African American; 26% Hispanic; 21% Caucasian; and 3% Asian or other. Only 26% of the primary caregivers were married; most were unemployed (73%); and 74% of the pregnancies were unplanned (see Supplementary Table 1 for additional demographic and other characteristics).
All participants provided written informed consent. The research protocol, consent forms, and all assessment/recruitment materials were approved by our local Institutional Review Board regulations, the Committee for the Protection of Human Subjects of the University of Texas Medical School at Houston, and the Memorial Hermann Hospital Research Committee.
Procedures
Study design. The Baby's Breath Project was a three-group randomized, controlled trial. Eligible primary caregivers consented, completed a baseline interview in the NICU and were randomized to one of three groups on a 2:1:1 ratio (see Figure 1) to receive: (a) MI intervention; (b) usual care (UC); or (c) usual care with reduced measurement (UC-RM), respectively. As this was the first study of its kind, we were uncertain about the number of participants we could recruit and thus randomized disproportionately higher numbers to the intervention group. An urn randomization procedure run by SAS, version 9.3 13 was used as a method of probabilistic stratification to maintain the random assignment mechanism while increasing the chances of comparability across groups on pre-specified baseline variables: 13 (1) ventilator oxygenation status on day of life seven (that is, yes/no), representing severity of infant respiratory condition; and (2) reported indoor household smoking (yes/no), representing potential 'severity' of smoke exposure. Follow-up home assessments were conducted at 1, 3 and 6 months post discharge for the MI and UC groups. UC-RM participants completed a limited baseline interview and only the 6-month follow-up-to evaluate measurement effects shown in other SHSe studies. 14 Motivational interviewing. While their infants were in the NICU, MI participants received two, 30 to 45 min, individual, hospital-based, MI sessions targeting SHSe, provided by experienced masters-and doctorallevel MI counselors. Sessions included: assessment of current motivation to reduce household SHSe, values identification, education on infant SHSe effects, goal setting, assertiveness coaching and role playing, and discussions regarding the importance of change and confidence with which to do so. Sessions were conducted in the NICU at the participant's convenience with one intervening week. After discharge, MI participants also received a mailed personalized feedback letter, highlighting their personal knowledge, level of SHSe risk in their homes and cars, and tempting situations based on their baseline data. MI sessions were adapted from a previous pregnancy smoking cessation MI protocol, 15 with modifications to reflect issues specific to SHSe and NICU infants.
Usual care. Participants in the UC group received usual hospital care that consisted of materials provided by discharge coordinators with information about the dangers of smoking and recommendations to not smoke around the baby or to quit. These items along with a number of other health concerns were discussed with follow-up care coordinators before discharge.
Usual care-reduced measurement. The UC-RM participants received usual hospital care identical to the UC group; however, the study assessment burden was much less. UC-RM participants completed an abbreviated baseline, with questions only about sociodemographics, and the 6-month follow-up assessment.
Treatment integrity. All MI sessions were audiotaped for supervision and fidelity purposes. Ongoing supervision consisted of weekly audiotape review and supervision sessions were provided by the principal investigator and the fourth author, a member of the Motivational Interviewing Network of Trainers. Session checklists were used to assure MI adherence.
Two trained coders used the Revised Global Scales: Motivational Interviewing Treatment Integrity 3.0 code 16 to rate a subset (75%) of the MI sessions on adherence to the MI protocol. The Motivational Interviewing Treatment Integrity is a brief scale designed to evaluate the integrity of the use of MI. Average adherence ratings for the five rating areas (evocation, collaboration, autonomy/support, direction and empathy) ranged from 4.53 to 4.91 (scale: 1 ¼ low to 5 ¼ high), with an overall 'MI spirit' (averaging across the five areas) mean of 4.75 (s.d. ¼ 0.2), indicating high MI integrity overall.
Home-based follow-up visits. Approximately 2 weeks before the 1-and 6-month follow-up assessments, research assistants traveled to participants' homes for a brief visit (5 min) to hang passive sampling, air-nicotine monitors. Research assistants returned in 2 weeks to complete the followup assessment and retrieve the monitors. No monitors were placed at the 3-month follow-up visit, due to cost. Participants were compensated during home-based follow-up visits ($30/visit).
Measures
Air nicotine. Household secondhand smoke was measured with airnicotine monitors, using passive sampling diffusion filters that detect household vapor phase nicotine levels and are valid and sensitive to intervention effects (for example, refs. 10,17,18). The monitors were clipped, using recommended procedures, 17 to drapes and blinds in a room identified by the mother as the room where the infant spent the most time. Two additional 'dummy' monitors with no active filter were placed in other rooms; the dummy monitors were used to decrease both the likelihood of tampering and the potential for reduction of smoking in only one room. Monitors were left in place for B2 weeks (median ¼ 17 days at 1-month; median ¼ 18.5 days at 6-month); Nicotine was analyzed by gas chromatography with nitrogen-selective detection. The limit of detection was 0.02 mm À 3 . Analyses were adjusted based on the length of time the monitors were in the home.
Smoking bans. An interviewer-administered questionnaire was conducted at baseline and all follow-up assessments. The interview questions related to (1) sociodemographics; (2) home and car smoking bans; (3) smoking practices of the mothers, partners, and others in the home; and (4) SHSe messages from health-care professionals.
A home smoking ban was assessed by asking a multiple-choice question (see Supplementary Table 2 ). Multiple-choice questions (vs dichotomous yes or no questions) have been shown to improve disclosure of socially undesirable behaviors such as smoking. 19 A car smoking ban was assessed with a similar multiple-choice question (Supplementary Table 2 ). A total smoking ban (TSB) was considered to be in place when a participant indicated that no one was allowed to smoke at any time or place in the home or in the car.
Psychosocial and infant severity measures. The Center for Epidemiologic Studies Depression Scale 20 measures symptoms of depression in community populations and has been found to be reliable and valid. Although not a diagnostic tool, scores of 16 or higher were associated in initial studies with depressive illness.
The processes of change-SHSe (Experiential and Behavioral Subscales, 21 ) adapted to issues of SHSe, were used to measure important cognitive and behavioral processes related to behavior change in previous research. 22, 23 Both 10-item subscales had the response options of 'Never' (score ¼ 1) to 'Repeatedly' (score ¼ 5). Higher scores on the Experiential Processes Subscale indicate higher frequencies of thoughts and feelings related to SHSe. Higher scores on the Behavioral Processes Subscale indicate higher frequencies of actions related to effective and healthy SHSe practices.
Secondhand Smoke-Knowledge Scale was developed to examine participant knowledge about safe secondhand smoke practices. Ten multiple-choice questions (with one correct answer to each) were scored and summed; possible range 0 to 10.
Questions regarding SHSe messages from health professionals and others assessed whether or not messages about the effects of SHSe on infants were provided by each of the following sources: doctors, nurses, social workers, other health-care workers, as well as friends or family members, media sources or other sources. Participants answered yes or no.
Infant medical severity was assessed using length of time (number of days) from birth until hospital discharge. Infants ranged widely in terms of medical conditions, as well as the severity of such conditions. Therefore, length of NICU/hospital stay, highly associated with severity of illness, was chosen to represent medical severity and investigated as a moderator of treatment.
Analysis
All analyses used SAS v. 9.3. 24 Cross-sectional analyses (PROC FREQ) utilized contingency tables and analysis of variance (PROC GLM) for dichotomous and continuous outcomes, respectively. Evaluation of dichotomous outcomes as a function of continuous predictors or in the presence of covariates utilized logistic regression (PROC LOGISTIC). Longitudinal analyses utilized a generalized linear mixed model (PROC GLIMMIX). Given the pilot nature of the current project, the analyses did not implement a correction for type I error.
Our primary end point was predefined as the 6-month follow-up visit and all treatment conditions provided data at this point. Data patterns were similar between the 1-and 3-month measures and thus for brevity only the 1 and 6-month data are presented.
RESULTS
Feasibility: recruitment and retention
Intervening with parents of high-risk infants in the NICU on SHSe is a novel area of study and, therefore, a primary aim was to establish feasibility. Feasibility was determined by observing enrollment rate, retention in the study, and intervention attendance. A detailed description of the recruitment and retention is presented in Figure 1 . Participants were identified and enrolled in the study at a rate of B4 per month, with a 9% refusal rate. Infant health and social factors proved challenging to both recruitment and retention: 10% of our infants died following consent, 3% of our mothers lost custody of their infants and 3% moved from the city following randomization. Excluding participants with deceased infants, custody and relocation issues, 91.7% in the MI condition, 85.7% in UC and 80.0% in the UC-RM completed at least one follow-up visit in the post discharge period. No differences in study completion rates were observed across the three conditions.
With regard to the intervention, of the participants assigned to the MI condition (excluding those whose infants died in the NICU), 86.4% attended session 1 and 71.2% attended both sessions. Many parents did not visit their child in the NICU on a regular basis and some only came during the final week of the hospital stay.
Primary outcome: home and car smoking bans Inspection of cross-sectional proportions indicated differences in report of having a car smoking ban, w ).
Infant medical severity as a treatment moderator Infant medical severity, represented by the number of days spent in the NICU during the initial admission, was a significant moderator of treatment at 1 month post discharge. For participants in the MI condition, longer initial NICU admissions were associated with higher odds of reporting a home smoking ban (odds ratio ¼ 1.07, Po0.03; 95% confidence interval: 1.004 to 1.173). No effect of infant medical severity was found for participants in the UC condition. At the six-month follow-up, infant medical severity failed to impact either group.
Exploratory analyses to understand characteristics associated with post discharge ban status Exploratory analyses of potentially modifiable characteristics (that is, depression symptoms (Center for Epidemiologic Studies Depression Scale), processes of change, and SHSe Knowledge) associated with the reported presence or absence of a smoking ban post discharge were conducted to identify intervention targets. At 6 months post discharge from the NICU, higher depressive symptoms (odds ratio ¼ 0.92, Po0.01; 95% confidence interval: 0.87 to 0.97), higher experiential processes (odds ratio ¼ 0.83, Po0.01; 95% confidence interval: 0.73 to 0.95), and lower behavioral processes (odds ratio ¼ 1.18, Po0.01; 95% confidence interval: 1.04 to 1.35) were associated with not having a total home and car smoking ban. Specifically, mothers reporting the absence of a TSB scored a mean of 18.1 (s.d. ¼ 10.1) on the Center for Epidemiologic Studies Depression Scale compared with a mean of 8.5 (s.d. ¼ 8.3) for women reporting the presence of a TSB. As measured by the processes of change subscales, women without a TSB also reported experiencing more thoughts and emotions around issues of SHSe, but fewer behaviors related to protecting their families from SHSe (see Figure 3) . No significant associations were found at 1 month. 
DISCUSSION
This was a pioneering study targeting SHSe within the context of a NICU to improve the health of vulnerable, high-risk infants and their families. The aim was to assess the feasibility and impact of a brief, hospital-based, SHSe intervention. Prolonged hospitalization in the NICU provides a unique opportunity to initiate intervention with young adults when they may be motivated to change highrisk behaviors in preparation for their infants' discharge home. Our results indicate that: (1) the majority of NICU mothers are not receiving SHSe information from health-care providers or from other sources; (2) it is feasible to intervene and conduct research with this population, though not without unique challenges; (3) household SHSe levels can be reduced and the frequency of smoking bans can be increased in this population via assessment and intervention; (4) two sessions of hospital-based MI may not be sufficient to influence change beyond that of assessment plus UC, although MI might be more effective for parents of more severely ill infants; and (5) depression and cognitive/behavioral activities related to SHSe may be future targets of intervention to improve intervention effects, especially in the post-partum period after a NICU admission. Recruitment and retention rates suggest that intervention and research with NICU families is feasible, however, improvements are necessary. With regard to recruitment, almost one in 10 of the families approached refused to take part in the study and fathers or other household members rarely participated. Anecdotally, refusals most often came from families in which all household members were smokers, likely putting their infant at greatest risk. Creative ways in which to attract and engage families with smokesaturated environments are clearly needed. Study retention was complicated by several factors, which should be accounted for a priori in future studies, including a high rate of infant deaths, loss of custody and unstable living situations. Families without such situations were retained at fairly high rates, particularly in the MI condition, indicating that the intervention was received positively. Intervention attendance at the hospital-based MI sessions was further complicated by issues generally related to poverty and limited resources. Specifically, families with many children and no transportation to the hospital were especially unlikely to attend the intervention. Hospital-based SHSe interventions may need to be extended into the home to maximize exposure and effectiveness, and to reduce the risk of further health disparities. Home-based interventions have been found to be feasible and more efficacious relative to physician-based intervention in previous studies.
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Relative to baseline, the frequency of smoking bans increased significantly post NICU-discharge in the MI and the UC groups, although home bans alone did not change significantly perhaps due to a ceiling effect (that is, the majority of participants reported a home smoking ban at baseline). Among households reporting no smoking bans at baseline, the MI intervention increased the establishment of smoking bans relative to UC at the 1-month time point, perhaps indicating that the intervention was most powerful for those who previously found it unimportant or were unable to ban smoking in their homes. MI also impacted mothers with more medically severe infants. Figure 2 suggests that the UC group had a large increase in reported smoking bans after the 1-month assessment, suggesting that discussion of SHSe and placement of the nicotine monitors may have triggered those that had not done so already to establish smoking bans. What is clear is that the group who received no intervention and limited questioning were least likely to have smoking bans in place. Thus, assessment/ intervention can reduce SHSe of NICU infants, but further efforts to design more engaging and effective interventions with this population are needed. While report of smoking bans increased in frequency, no differences were detected in household nicotine levels. It is likely that two sessions of hospital-based MI counseling may need to be strengthened with additional intervention components and intervention likely needs to be extended to the home for maximal effect as seen with adult hospitalized smokers. 25 As 30% of our mothers in the MI group did not receive both sessions, intervention components that increase session attendance, such as incentives, are also needed.
As we know so little about SHSe practices of NICU families, we explored, independent of condition, potentially modifiable characteristics that were associated with having a smoking ban post NICUdischarge. Results were intriguing. Depressive symptoms were higher for mothers who reported no car and home smoking bans. While there is no research on depression related to protective secondhand smoke practices, it follows that depressed mothers may not have the energy or resources to implement difficult assertiveness behavior needed to fully protect their babies. It may be especially important to investigate the relationship between maternal depression and household smoking in the high-risk infant population. 26 The processes of change, mechanisms of change in the transtheoretical model, also indicated intervention targets. When actively changing a behavior, using higher levels of behavioral processes relative to experiential processes has been associated with greater success, while the opposite, higher experiential relative to behavioral processes, has been associated with failure to change. 23 A similar pattern emerged in our data: Those who reported having a TSB used more behavioral and fewer experiential processes than women with no smoking bans in their home or car. Active behavioral change strategies (for example, avoiding people who smoke or making a plan to avoid secondhand smoke) vs more cognitive/affective activities (for example, worrying about the effects of secondhand smoke or feeling badly when someone smokes around the baby) should be promoted in future interventions.
Limitations of the study are noted. The sample size was necessarily small due to the pilot nature of this work, making estimates of effects less stable. While the reduced measurement condition allowed us comparisons to tease out intervention from measurement effects, the lack of baseline smoke exposure and 1-month comparison data on a quarter of the sample was, in hindsight, less than ideal. Finally, the lack of air-nicotine data at baseline (due to cost) precluded pre-post analyses of change.
Overall, this study conducted in a non-traditional setting for delivery of smoking and SHSe interventions, offers evidence of the need for these interventions, the feasibility of intervention delivery and research, and of our ability to impact SHSe household behavior after infant discharge from a NICU. More powerful interventions are needed to strengthen the effect on SHSe protective practices in this vulnerable, low-income population.
